Description of Domibacillus iocasae sp. nov., isolated from deep-sea sediment, and emended description of the genus Domibacillus 
The genus Domibacillus was first reported by Seiler et al. (2013) . It belongs to the phylum Firmicutes, class Bacilli, order Bacillales and family Bacillaceae. At the time of writing, four species of the genus Domibacillus have been described, i.e. Domibacillus robiginosus (Seiler et al., 2013) , D. indicus (Sharma et al., 2014) , D. enclensis (Sonalkar et al., 2014) , and 'D. tundrae' (Gyeong et al., 2015) . These species were isolated from various environments, including a pharmaceutical clean room, marine sediments and soil samples. Members of the Domibacillus are Gram-stain-positive, spore-forming and strictly aerobic rods. The presence of MK-6 as the dominant quinone is one of the characteristics of this genus. The cell wall of Domibacillus contains an A1c type of peptidoglycan with meso-diaminopimelic acids. The major polar lipids are diphosphatidylglycerol and phosphatidylglycerol. The major whole-cell sugars are glucose and ribose. The genomic DNA G+C content of this genus ranges from 42.8 to 46.5 mol% (Gyeong et al., 2015) . The fatty acid profile is not a characteristic feature of Domibacillus and can vary from species to species (Sonalkar et al., 2014) . In addition, oxidase activity, motility and colony colour are speciesdependent. In this study, we report a novel species of the genus Domibacillus, isolated from deep-sea sediment of Okinawa Trough.
Strain S6
T was isolated from a deep-sea sediment sample (depth, 1520 m) collected at Okinawa Trough (126.888 E 27.648 N) . The sample was obtained by a remotely operated vehicle equipped on the Kexue vessel during the cruise of April 2014 (Tollefson, 2014) . For bacterial isolation, 1 g of the sediment sample was suspended with 3 ml of sterile seawater, and a 100 ml suspension was spread on marine agar (Haibo). After incubation for 5 days at 37 8C under aerobic conditions, strain S6
T was selected; a pure culture was obtained after three successive transfers to fresh medium. The strain was stored at 280 8C in liquid medium supplemented with 15 % (v/v) glycerol. For 16S rRNA gene sequencing, genomic DNA was extracted from strain S6 T using a Tiangen DNA kit (Tiangen). The 16S rRNA gene was amplified by PCR using the universal primers B27F (5'-AGAGTTTGATCCTGGCTCA-3') and B1492R (5'-GGCTACCTTGTTACGACTT-3') (Lane, 1991) . The PCR product was purified and DNA sequencing was carried out by the Beijing Genomics Institute. The nearly complete 16S rRNA gene sequence (1415 bp) of strain S6
T was submitted to GenBank (accession number KT724336). Analysis of the 16S rRNA gene sequence was performed using the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . Maximum-likelihood, neighbour-joining and minimum-evolution trees were reconstructed using MEGA 5.0 (Tamura et al., 2011) with uniform rates and complete deletion options. The distances for all phylogenetic trees were calculated according to the Kimura twoparameter model (Kimura, 1980) . The maximum-likelihood and minimum-evolution trees were reconstructed using the nearest-neighbour-interchange and close-neighbourinterchange heuristic search methods, respectively. The robustness of the phylogenetic trees was confirmed by bootstrap analysis based on 1000 replications.
Characteristics of strain S6
T were examined using routine cultivation methods on marine agar at 35 8C (except where indicated otherwise). The type strains D. robiginosus DSM 25058 T , D. indicus DSM 28032 T and D. enclensis DSM 25145 T were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ) as references for biochemical tests, fatty acid analysis and DNA-DNA hybridization experiments. Cell morphology was examined using a transmission electron microscope (JEM-1200; JEOL), using cells of strain S6 T cultured at 35 8C for 24 h on marine agar and negatively stained with 1 % (w/v) phosphotungstic acid. Gram staining was performed using a Gram staining kit (Haibo), and spore characteristics were observed by light microscopy after carbol fuchsin staining (Powell, 1950) . Cell motility was confirmed by the development of turbidity in a tube containing semisolid medium (Tittsler & Sandholzer, 1936) and the hanging-drop method (Bernardet et al., 2002) . To determine the temperature range for growth, cells were grown in marine broth (Haibo) at 4, 10, 15, 25, 30, 35, 40, 45 and 50 8C for 72 h. Growth at various NaCl concentrations (0-12 %, w/v, at intervals of 1.0 %) was determined at 35 8C in broth medium that contained all constituents of marine broth but lacked NaCl; NaCl was added as a supplement at appropriate concentrations. The pH range for growth was determined from pH 4.0 to 12.0 (at intervals of 1.0 pH unit) using the buffer system described by Xu et al. (2005) in marine broth. To test for anaerobic growth, strain S6
T was cultured at 35 8C on marine agar supplemented with glucose (0.5 %, w/v), maltose (0.5 %, w/v) and MnO 2 (0.1 %, w/v), with resazurin (0.02 %, w/v) as an indicator of anaerobic conditions. The plates were incubated in an YQX anaerobic incubator (Yuejin) filled with nitrogen. Oxidase reagent (Haibo) was used to test for oxidase activity, and catalase activity was determined by bubble formation in a 3 % (v/v) H 2 O 2 solution. Production of H 2 S, urease and gelatinase and the Voges-Proskauer reaction were tested using the API 20E system (bioMérieux), as recommended by the manufacturer. Nitrate reductase activity was tested using the API 20NE system (bioMérieux) and production of other enzymes was assessed using the API ZYM system (bioMér-ieux). The assimilation of carbon source was tested using the API 20NE system according to the method of Smibert & Krieg (1994) . Acid production from different carbohydrates was tested using the API 50CHB system (bioMér-ieux). All API tests were performed in triplicate. Hydrolysis of starch, casein and Tweens 20, 40, 60 and 80 was examined on marine agar plates with corresponding substrates. DNA-DNA hybridization was performed according to the method of Marmur (1961) . To analyse fatty acid methyl esters, bacteria were grown on trypticase soy agar (TSA) at 28 8C and harvested after 48 h of growth. Data for fatty acid methyl esters were analysed as reported previously (Sasser, 1990) . Polar lipids were extracted and examined using two-dimensional TLC and identified using standard procedures (Minnikin et al., 1984) . Quinones of strain S6
T were analysed according to Minnikin et al. (1984) , with D. robiginosus DSM 25058
T as a reference strain. Cell-wall sugars were analysed according to the procedures developed by Hasegawa et al. (1983) . Peptidoglycan analysis was carried out by DSMZ according to the method of Schumann (2011) .
Analysis of the 16S rRNA gene sequence indicated that strain S6
T exhibited highest sequence similarity to D. robiginosus WS 4628 T (5DSM 25058 T ) (98.6 %) and was closely related to D. enclensis NIO-1016 T (5DSM 25145 T ) (97.6 %), D. indicus SD111 T (5DSM 28032 T ) (97.6 %) and 'D. tundrae' PAMC 80007 (5DSM 29572) (97.6 %). Phylogenetic analysis with the maximumlikelihood method showed that strain S6
T formed a group with three other species of the genus Domibacillus and represented the basal member of this group (Fig. 1) ; corresponding neighbour-joining and minimum-evolution trees showed a similar topology (Figs S1 and S2, available in the online Supplementary Material), which supported the proposal that strain S6 T belongs to the genus Domibacillus. Consistently, the G+C content of the genomic DNA was 44.4 mol%, which is similar to the related reference species of Domibacillus (Table 1) . DNA-DNA hybridization plays a key role in microbial species discrimination in cases when 16S rRNA gene sequence identities are 98.2 % or higher (Meier-Kolthoff et al., 2013; Kim et al., 2014) . In this study, DNA-DNA hybridization was carried (Table 1) , which are well below the threshold of 70 % suggested for bacterial species delineation (Wayne et al., 1987) . These results indicated that strain S6
T represents a novel species of the genus Domibacillus.
Cells of strain S6
T were Gram-stain-positive (Fig. S3A) , aerobic, rod-shaped (0.7-0.8 mm in width and 2.5-3.5 mm in length), and did not grow under anaerobic conditions. The bacterial cells were mobile by peritrichous flagella (Fig. S4) . Spherical to ellipsoidal endospores are formed centrally or paracentrally (Fig. S3B) . Colonies were circular, non-pigmented, whitish on marine agar and transparent on TSA when cultured at 35 8C for 48 h. Growth was observed between 10 and 45 8C (optimum, 35 8C), at pH 6.0-11.0 (optimum, pH 8.0) and in the presence of 0-8 % (w/v) NaCl (optimum, 3 %). NaCl is not required for growth. Strain S6 T exhibited catalase activity, but no activity for oxidase, gelatinase or nitrate reductase. Hydrolysis of starch and Tween 20 was positive, but not for casein, or Tweens 40, 60 or 80. There was no production of H 2 S. Other details are provided in the species description. Different features of strain S6
T and related species of the genus Domibacillus are presented in Table 1 , which shows that there were phenotypic differences between strain S6
T and other type strains within the genus Domibacillus.
The fatty acids of strain S6
T were iso-C 15 : 0 (28.49 %), C 16 : 0 (13.71 %), anteiso-C 15 : 0 (12.43 %), C 16 : 1 v11c (11.71 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 11.08 %), anteiso-C 17 : 0 (6.07 %), C 14 : 0 (4.85 %), iso-C 17 : 0 (4.47 %), summed feature 4 (anteiso-C 17 : 1 and/or iso-C 17 : 1 ; 2.60 %), iso-C 16 : 0 (2.18 %), iso-C 14 : 0 (1.56 %) and C 16 : 1 v7c alcohol (0.85 %) (Table S1 ). Although strain S6
T and the other type strains showed variability in the profile of fatty acid methyl esters, all strains contained iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 0 and anteiso-C 17 : 0 as major fatty acids (.5 %) (Table S1 ). Like all other type strains, strain S6
T harboured an A1c type of peptidoglycan with mesodiaminopimelic acids as the diagnostic diamino acid. The major polar lipids of strain S6
T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol mannosides, phosphatidylethanolamine and three unknown phospholipids (Fig. S5) . Phosphatidylinositol mannosides and phosphatidylethanolamine were detected for the first time in the polar lipid components of a member of the genus Domibacillus. The major cell-wall sugars of strain S6
T were glucose and xylose, while in the other four strains, the major cell-wall sugars were glucose and ribose (Table 1 ).
In conclusion, strain S6
T formed a fairly well-supported clade with three other species of the genus Domibacillus and represents the basal member of this group. The chemotaxonomic profiles of strain S6
T were generally similar to those of other species of the genus Domibacillus. However, phenotypic characteristics, including hydrolysis of some macromolecules, and enzyme activities distinguished strain S6
T from other species of the genus Domibacillus. Therefore, strain S6
T represents a novel species of the genus Domibacillus, for which the name Domibacillus iocasae sp. nov. is proposed.
Emended description of the genus Domibacillus Seiler et al., 2013
The description of the genus Domibacillus is as given previously (Seiler et al., 2013; Sharma et al., 2014; Sonalkar et al., 2014; Gyeong et al., 2015) , with the following characteristics from the present study. The compositions of cellwall sugars and major polar lipids vary to some extent within species.
Description of Domibacillus iocasae sp. nov.
Domibacillus iocasae (i.o.ca9sae. N.L. fem. gen. n. iocasae name arbitrarily formed from IOCAS, the acronym for the Institute of Oceanology, Chinese Academy of Sciences, at which the microbiologists who first isolated the organism worked).
Cells of strain S6
T are Gram-stain-positive, strictly aerobic, rod-shaped, 0.7-0.8 mm in width and 2.5-3.5 mm in length, and are motile by peritrichous flagella. Spherical to ellipsoidal endospores are formed centrally or paracentrally. Growth occurs at 10-45 uC (optimum, 35 uC), at pH 6.0-11.0 (optimum, 8.0) and with 0-8 % (w/v) NaCl (optimum, 3 %). Colonies are circular, non-pigmented, whitish on marine agar and transparent on TSA. Positive for production of catalase and hydrolysis of starch and Tween 20. Negative for oxidase, gelatinase and nitrate reductase activity. Negative for production of H 2 S and hydrolysis of casein and The fatty acids detected are C 14 : 0 , iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 0 , iso-C 16 : 0 , C 16 : 1 v11c, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 1 v7c alcohol, iso-C 17 : 0 , anteiso-C 17 : 0 and summed feature 4 (anteiso-C 17 : 1 and/or iso-C 17 : 1 ). The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol mannosides, phosphatidylethanolamine and three unknown phospholipids. Has meso-diaminopimelic acid as the diagnostic diamino acid and an A1c type of peptidoglycan. Xylose and glucose are major cell-wall sugars. MK-6 is the major menaquinone, and MK7 was the minor menaquinone.
The type strain is S6 T (5DSM 29979 T 5CCTCC AB 2015183 T ) and was isolated from deep-sea sediments in Okinawa Trough. The G+C content of the genomic DNA of the type strain is 44.4 mol%.
